Introduction: Titanium dioxide nanoparticles (Tio2 NPs) are manufactured worldwide in large quantities for use in a wide range of applications. TiO2 NPs proved to damage liver function and induce an oxidative stress attack leading to liver toxicity. Milk thistle is an herbal supplement used to treat liver and biliary disorders. Silymarin, an active ingredient of milk thistle, is a strong antioxidant that promotes liver cell regeneration and stabilizes cell membranes. Aim: To investigate the biochemical, the histological and the histochemical changes in the liver after administration of different doses of Tio2 NPs and to evaluate the possible protective role of Milk thistle against these effects. Materials and Methods: Fifty adult male rats were divided into five groups; group I control, groups IIa and IIIa injected IP by 100mg/kg and 150mg/kg TiO2 for 2 weeks, respectively and groups IIb and 111b treated by oral milk thistle 4 weeks; one week prior, 2 weeks concomitant with IP 100mg/kg and 150mg/kg TiO2, respectively and the forth week after injection. Thereafter, rats were sacrificed and liver as well as blood samples were collected for estimation of serum alanine aminotransferase (ALT) and alkaline phosphatase (ALPs). Liver samples were processed for examination by TEM and immunohistochemical staining with P53 and PCNA antibodies counted statistically positive cells. Results: There was an increase in ALT and ALPs activities. Groups 11a and 111a treated by TiO2 showed signs of apoptosis and degeneration in the hepatocytes with nuclear changes and a significant increase in P53 and PCNA antibodies positive cells. These changes were ameliorated by concomitant injection with milk thistle with TiO2 in groups IIb and IIIb. Conclusion: The alterations observed might be an indication of hepatocyte injury due to TiO2 NPs toxicity that interacts with proteins and enzymes in hepatic tissue leading to generation of reactive oxygen species induce hepatocytes apoptosis. Milk thistle, has a hepatoprotective effect probably by its antioxidant effect.
INTRODUCTION
Nanotechnology has been used in the areas of health care, consumer products, clothes, electronics and sporting goods. The number of nanotechnology-based consumer products available on the world market exceeds 1000. Nanomaterials have chemical, mechanical, optical, magnetic and biological properties that make them desirable for commercial and medical applications. Their toxicological impact is still under investigation and their effects on biological systems remain incomplete [1] .
Nanoparticles (NPs) are characterized by their small size and large surface area with an active group. These characters increase their chemical reactivity to enable them to penetrate into living cells. The impacts of NPs on human and the environment have been put forward by some scientists and organizations [2] . The toxic effects of NPs distributed mainly in important organ systems as lymph nodes, brain, lung, liver and kidney [3] . Titanium dioxide (TiO2) is among the manufactured NPs, is the earliest industrial product of nanomaterials in the world. TiO2 is a natural insoluble non silicate mineral oxide occurs in different forms and is widely used in the cosmetics, pharmaceutical and paint industries. TiO2 NPs can be absorbed into the body by inhalation, ingestion and dermal penetration due to their small size [4] . TiO2 NPs occur in different sizes, shapes, chemical compositions and four crystalline polymorphic forms. Rutile and anatase are the most common forms; some studies indicate that anatase TiO2 NPs is more cytotoxic than rutile TiO2 NPs [5] .
The liver is an active organ for detoxification and TiO2 NPs can penetrate liver cell. The toxic effect of TiO2 on the liver has been studied previously biochemically, physiologically and morphologically, however the effect of Tio2 NPs on the liver was found to be few in the literatures. TiO2 NPs proved to damage liver function and induce an oxidative stress attack leading to liver toxicity. TiO2 NPs reported to induce hepatocyte apoptosis and increase inflammatory reaction [4] . Li et al. [5] stated that TiO2 NPs increase gene expression levels of reactive oxygen species (ROS) and cytochrome p450 (CYP1A). Bioactivation of CYP1A results in the formation of free radicals and ROS, which initiate lipid peroxidation and protein oxidation lead to damage hepatocellular membranes. This process is followed by the release of inflammatory mediators from activated hepatic macrophages lead to hepatic necrosis.
The use of herbal medicines from documented medicinal plants had a wide variety of clinical conditions including acute and chronic liver diseases. Silybum marianum (Milk thistle) is an effective therapeutic agent from natural products which may reduce the risk of hepatotoxins, besides, has a hepatoprotective effect [6] . It is used as herbal supplement treating liver and biliary disorders. It has been investigated for use as a cytoprotectant, an anti-carcinogen and a supportive treatment for liver damage from toxins. Silymarin is an active ingredient of Silybum marianum which has a strong antioxidant and anti-inflammatory properties that promotes liver cell regeneration and reduces blood cholesterol [7] . The protective antioxidant effects of Silybum marianum may be through impairing Tio2 NPs mediated oxidative stress. It decreases production of free radical derivatives, decreases CYP1A activity and increases in the hepatic glutathione level [8] .
MATERIALS AND METHODS

I-Preparation of TiO2 nanoparticles
In this method, the titanium (IV) tetraisopropoxide, Ti (OC3H7)4, (TTIP) used was 98% pure liquid Aldrich (USA)). Isopropanol (C3H7OH) was 99.9% pure liquid product of Aldrich. Preparation of nano-titania particles, TiO2(s), was carried out following the procedure described earlier by Khalil et al. 1998 [9] . X-ray diffraction (XRD) nitrogen adsorption/desorption isotherms and electron microscopy of Tio2 NPs were performed.
II-Preparation of TiO2 solution
Hydroxypropyl methylcellulose K4M 0.5% (HPMC, K4M) was used as a suspending agent. TiO2 NPs powder was dispersed onto the surface of 0.5% w/v HPMC and then the suspending solutions were treated by ultrasonic for 30 min and mechanically vibrated for 5 min [10] .
III-Preparation of Milk thistle suspension
Milk thistle seeds were purchased from El Masria for Herbal Medicine in Sohag. They were grinded into powder 15g suspended in 100cm boiled water for 15 minutes followed by filtration.
IV-Animals and treatment
A total number of 50 adult male Albino rats (150-200gm) were purchased from Assiut Experimental Animal Facility, Assiut University. Animals were housed in stainless steel cages in a ventilated animal room. All animals were given ad libitum access to Teklad rodent chow diet and water from sanitized bottle fitted with stropper and sipper tubes. They were acclimated to this environment for 5 days prior to the experiment. All procedures used in this experiment were approved with the local Ethics Committee. Animals were randomly divided into five groups, 10 animals each as the following: Group I: control group subdivided into three subgroups (3 rats each). Subgroup (i) kept without treatment, subgroup (ii) injected only by Hydroxypropyl methylcellulose and subgroup (iii) treated only by oral milk thistle. Group IIa: treated by intraperitonial injection (IP) of TiO2 (100mg/kg) daily for 2 weeks. Group IIb: treated by 15% oral milk thistle suspension twice daily for 4weeks, one week prior and 2 weeks during 100mg/kg TiO2 treatment then one week after. Group IIIa: treated by IP TiO2 (150mg/kg), daily for 2 weeks. Group IIIb: treated by 15% oral milk thistle suspension twice daily for 4weeks; one week prior and 2weeks during 150mg/kg TiO2 treatment then one week after.
V-Liver function assessment
Blood samples were collected and serum was harvested by centrifuging blood at 2500 rpm for 10 min. Liver function was evaluated with serum levels of ALPs and ALT. All biochemical assays were performed using a clinical automatic chemistry analyzer.
VI-Liver samples
The animals were sacrificed after being anaesthetized by ether. Liver samples of 0.1 ml thick were taken from all animals for electron microscopy and immediately fixed in 2.5% glutaraldehyde for 24h and embedded in Epon. Semithin sections (0.5-1um) were generated by using ultra microtome (LKB) then stained by: A-Toludine blue: Ultrathin sections (500-800A) from selected areas of trimmed blocks were made and collected on copper grids. Ultrathin sections were contrasted with uranyl acetate for 10min and lead citrate for 5min and examined by the electron microscope.
B-Electron microscopy: Liver samples from all groups were immediately fixed in a 10% formalin solution and embedded in paraffin blocks, then sliced into 5µm in thickness mounted onto glass slides and stained with the following stains.
C-Immunohistochemistry using two antibodies: a-P53 Ab-8 (DO-7+Bp53-12) (tumor suppressor gene) b-PCNA Ab-1 (pc10) mouse MAb (proliferating cell nuclear antigen) bought from Thermo scientific company.
VII-Morphometric studies
The numbers of PCNA and P53 positive stained cells were counted in ten high power fields in each case using the light microscope Leica ICC50 Wetzlar (Germany) at the Histology Department, Faculty of Medicine, Sohag University.
VIII-Statistical analysis
Analysis of Variance (ANOVA) with a statistical significance of P<0.05 was used randomized designed according to other groups. Computations were performed with STATA version 9.2 software. All the analyses were performed in a blinded fashion.
RESULTS
I-TiO2 NPs Characterization :
1-XRD Diffraction patterns: The hydrolysis products and its dry products at 120ºC, as shown in (Fig. 1) , were non-crystalline to XRD [11] .
2-Nitrogen adsorption isotherm: Nitrogen adsorption isotherm determined on the NanoT400 material and the BET plot is shown in (Figs. 2 and 3 ). The isotherm is of type IV of isotherms and exhibits a hysteresis loop of type H2, indicating mesoporous materials.
3-Transmission Electron Microscopy: Typical electron micrographs represent NanoT400 material is shown in (Fig.  4) . The micrographs exhibit titania aggregates composed of very small poly-angular elementary particles of about 10 nm in diameter.
II-Liver function enzymes: (Table 1, Figs. 5 and 6)
There was very highly significant difference (****) between treated groups compared to the control group as regard levels of ALT and ALPs (p value <0.0001).
III-Light microscopy (Fig. 7)
Toludine blue stain: Adult control liver show its parenchyma consists of polyhedral hepatocytes with vesicular nuclei and cytoplasmic basophilic granules. Blood sinusoids, which are seen in between liver cells, lined with flat endothelial cells and kupffer cells (Fig. 7A) . Apparent changes observed as compared to the control group in the form of distortion of the normal hepatic architecture. Some hepatocytes had vacuolated cytoplasm with few granules. The vacuoles may be large, varying in shape and in size, occupying most of cytoplasm and compress the nucleus. Some nuclei had irregular nuclear membrane and large margination of heterochromatin with no nucleolus. Dense apoptotic nuclei and dilatation in perinuclear membrane space were sometimes observed (Fig. 7B) . Some hepatocytes showed Ground glass hepatocyte (GGH) with a flat hazy and uniformly dull appearing cytoplasm. The boundaries between the cells were ill defined. Blood sinusoids were dilated with mononuclear cellular infiltration and contained numerous large kupffer cells (Fig.  7D) . In groups IIb and IIIb showed most of the hepatocytes contained vesicular nucleus with prominent nucleolus. The cytoplasm contained highly basophilic patches and rarely vacuolated cytoplasm compared to that of group IIIa. Some hepatocytes enlarged in size and contained vacuolated cytoplasm with varying shape and size showed nuclei with margination of heterochromatin with no nucleolus, others were dense small apoptotic nuclei with irregular nuclear envelope ( Fig. 7C and E) .
IV-Electron microscopy (Fig. 8)
Adult control liver revealed hepatocytes with euchromatic nucleus, prominent nucleolus, abundant mitochondria, and rER appeared as parallel tubules around nucleus and between mitochondria (Fig. 8A) .
In group IIa, hepatocytes showed marked degenerative changes as cytoplasm appeared rarified, contained few organelles and numerous vacuoles of variable shapes and sizes and contained lysosomes with no rER (Fig. 8B) .
In group IIIa, most of the mitochondria decreased in size and contained dense material. RER appeared in the form of parallel tubules in close association with mitochondria. Smooth endoplasmic reticulum appeared as dilated vesicles (Fig. 8D) . In groups IIb and IIIb, the hepatic cytoplasm was less vacuolated compared to the previous treated group. The nucleus appeared rounded with euochromatin and prominent peripheral nucleolus. Most mitochondria were slightly enlarged with dense material inside. rER tubules were in close association with it and around the nucleus. Glycogen was observed as small dark granules in close relation to smooth endoplasmic reticulum ( Fig. 8C and E) .
V-Immunohistochemistry
A-P53 marker: (Fig. 9) No P53 positive cells were noticed in the control group (Fig. 9A) . P53 positive-hepatocytes observed in treated groups; group IIa and group IIIa (Fig. 9B andD) . The number of positive cells decreased in group IIb and group IIIb compared to group IIa and group IIIa (Fig. 9 C and E) . b-PCNA marker: (Fig. 10) Few weakly stained nuclei are seen in the control group (Fig. 10A) . Treated group showed an increase in the positively stained nuclei of most of the hepatocyte (Fig.  10 B) . In higher dose, liver sections showed stained nuclei of hepatocytes increased dramatically both in the intensity of the immunostaining as well as in the number of PCNA positive hepatocytes (Fig. 10D) . The number of PCNA positive stained nuclei decreased in groups IIb and IIIb compared to those of groups IIa and IIIa ( Fig. 10 C and E) .
VI-Morphometric studies
The morphometric studies and statistical analysis performed on the liver sections included the study of the mean of positive cells for p53 stain and of the mean of positive cells for PCNA stain. The study revealed the following results: A-The mean of positive cells for p53 stain:
There was very highly significant difference (****) in groups IIa, IIIa and IIIb versus the control group as regard to the mean of positive cells for p53 stain (p value <0.0001). No significant (NS) difference between group IIb compared to the control group (p value >0.05). The summary of the means values of these groups are shown in (Table 2 ) and (Figure 11) . B-The mean of positive cell in PCNA stain There was very highly significant difference (****) in all different treated groups versus the control group as regard to the mean of positive cells for PCNA stain (p value <0.0001). The summary of the means values of these results are shown in (Table 3 ) and ( Figure 12 
DISCUSSION
In our study, intraperitoneal injection of different doses of TiO2 NPs induced biochemical changes in the rats' livers in the form of increased ALT and ALPs levels indicating damage of liver function. Alike, Liu et al. [12] observed marked disturbance of liver function caused by intraperitoneal injection of higher doses (50, 100, and 150 mg/kg BW) of TiO2 NPs (5 nm) for 14 days. Also, Alarifi et al. [13] reported a significant increase in GOT and ALPs levels with manifestations of apoptosis in liver cells in the form of small condensed nucleus and chromatinolysis with coarse clumps of heterochromatin with irregular nuclear membrane. These results agreed with Ma et al. [14] who reported that TiO2 NPs are similar to hepatovirus, can enter liver cells or nuclei and bind to DNA and thus might cause the changes of genetic information transfer and the inflammatory cascade which induce hepatocyte apoptosis.
While Yaling et al. [15] observed apoptotic cell with chromatin condensation and the apoptotic body suggested that TiO2 NPs induce hepatocyte apoptosis of mice.
The ultrastructure results revealed degenerative changes in the form of accumulation of rarified cytoplasm with destructed organelles and numerous vacuoles in the cytoplasm of hepatocyte and dilated smooth endoplasmic reticulum. Paumgartner and Beuers [16] explained that free radicals is highly unstable and reacts with membrane components and form covalent bonds. These radicals react with molecular oxygen and initiate preoxidative decomposition of phospholipids in the endoplasmic reticulum. Furthermore, Caro and Cederbaum [17] proved that cytochrome P450 (CYP1A) which presents in SER showed high level due to TiO2 NPs induction and cause hepatocyte toxicity.
The most prominent alternation in hepatocyte was mitochondrial swelling with destructed cristae and dense material inside it. Mitochondrial affection may play an important role in the process of cellular apoptosis. When TiO2 NPs invaded mitochondria, its antioxidant defense ability could be altered. Danz et al. [18] previously reported that inner mitochondria membrane plays a role in toxicity as it is a major source of ROS which cause damage to lipids, proteins and DNA and lead to loss of the cellular function especially in necrotic and apoptotic cells. They added another explanation that ROS play a role in promoting cytochrome c release from mitochondria into the cytoplasm which cause activation of the caspase cascade lead to apoptosis. These results were supported by Beere and his colleagues [19] who said that opening of the mitochondrial permeability transition pore and the disruption of mitochondrial transmembrane potential are also central steps in the apoptotic cell death signaling pathway. Long et al. [20] stated that overproduction of ROS would break down the balance of the oxidative/ antioxidative system in the liver, resulting in the lipid peroxidation and the hepatocyte apoptosis. TiO2 reduced the antioxidative enzymes like SOD, CAT, and GSH-Px as well as non-enzymatic antioxidants like ascorbate and GSH. The dense material observed in our study may be explained by Ma and his associates [14] who stated that TiO2 NPs are not freely distributed in the cytoplasm after being internalized by cells but is preferentially located in the mitochondria.
The increased peroxisomes in our research were previously explained by Suga [21] and Titorenko [22] to be directly associated with increased hepatocyte proliferation, besides playing a role in lipid metabolism and hydrogen peroxide detoxification.
The increased cytoplasmic p53 expression was an apoptotic marker of hepatocytes in all treated groups and this increase was dose dependent increased in higher doses. Forrester et al. [23] found that TiO2 NPs cause oxidative stress and chronic inflammation are associated with high concentrations of NO products which can cause DNA damage, either directly or through secondary molecules, by nitroso-active deamination, DNA strand breakage and DNA modifications. NO-induced DNA damage can lead to p53 accumulation in cytoplasm and p53 mediated apoptosis. Thus, higher basal levels of p53 may function to protect hepatocytes from DNA damage. Absence of p53 expression in the nuclei may be explained by Wang and Lui. [24] , who reported that p53 protein accumulate in the cytoplasm with absolute nuclear sparing. Thus, NO protein may be directly involved in the sequestration of p53 protein in the cystol and block of p53 entry into nucleus. Noteworthy, Moll et al. [25] and Stommel et al. [26] had another explanation that cytoplasmic sequestered p53 has been considered as a defect in p53 nuclear retention resulting from either inhibition of its entry into the nucleus or from its hyperactive export in some toxic cells [27, 28] .
In addition PCNA is closely associated with cell cycle and its expression increases at the end of G1 phase, reaches its maximum in S-phase, declines during G2 phase and is absent during the mitotic phase and in quiescent cells [29] . The morphometric studies in the present work revealed that control liver showed few PCNA positive cells. In contrast, liver sections treated by TiO2 NPs showed bile duct proliferation and significant increase in the number of PCNA positive cells. Liver cells were found to be capable of proliferation in normal conditions. This proliferative activity increased in case of liver injury [30] . The increased expression of PCNA in hepatocytes in treated groups indicates a sort of compensation by proliferation of hepatocytes and increase extracellular matrix synthesis [31] or by proliferation of liver's resident stem cells [32] . This is in line with Gerlyng et al. [33] and Alarifi et al. [13] who found that nuclear polymorphism seen in hepatic dysplasia and binucleation represents a consequence of cell injury as a sort of chromosomal hyperplasia in regenerating cells.
Hepatoprotective effects of Milk thistle supported by Post-White et al. [6] who reported that it impaired oxidative stress through decreased production of free radical derivatives, by the decreased CYP enzyme activity, MDA level and glutathione level which has antioxidant properties that protects against liver damage. Nirav et al. [34] found that increase in p53 protein is consistent with Dox-induced DNA fragmentation and silymarin decrease p53 protein toward normal values with protection of genomic DNA. Our results also coincide with the previous results that Milk thistle can reduce or prevent liver damage by TiO2 NPs as well as due to other hepatotoxic agents like; antineoplastic drug doxorubicin (Dox), ethanol [35] and CCl4 [36] . Zhou et al. [37] reported that silibinin, a plant flavanoid from milk thistle, reduced isoproterenol-induced cardiac myocyte apoptosis through decrease NO production, Bax, p53 and caspases.
CONCLUSION
Our results add to our understanding of TiO2 NPs induced-liver injury. Milk thistle is a safe hepatoprotective herbal dietary supplement is recommended to prevent TiO2 NPs induced-hepatocellular damage and liver fibrosis.
